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GRAFTING OF LIVING POLYMERS FROM Results and Discussion
ACTIVATED POLYSILANES

Jeff firkach, Karen Ruehl. and Krzysztof Matyjaszcwski Dcarylatin
Department of Chemistry Silyl estcrs belong to tile most elcctropiulic reagctsl u and

Carnegie Mellon University I the trimcthylsllyl group is considered as a "bulky proton".
Pittsburgh, PA 15213 Trimethylsilyl iodide and trimcthylsilyl triflate

Introduc i n (trifluoro mrctha nicsulfona tw ) were found to be 109 tim es more €-

reactive tian the classical silylating r agent trimcthylsilyl
chlrido.It Elcctrophilic ullyl caters ald halidcs recact with aPolysilancs arc nw high molecular weight polymers with number of different nuclcophilcs such as alcohols. antittics.SI-Si catenation in the main chain. Although formally they ketones, cstrs, ethcrs, phosptlcs. etc. Usually silylation Isresemble polyalkancs, a number of chemical and physical considered to proceed via a mechanism very similar to SN2properties indicate strong electron delocalizatlon In the processes. There are a few methods of incorporation of triilatcbackbone of polyailanea and show close resemblance to polyenes groups Into silancs: a reaction of silyl chloride with silver tril:itc1,2. Thus. they conduct after doping with Lewis acids, they have or with triflic acid, or a rcaction of alkyl or aryl silancs with theremarkable photoconducting properties, they produce radicals acid. The last reaction procccds very rapidly ad was found to bcafter exposure to UV light and strong irradiation leads to very selective for disilancs also. We found that in the reaction of

Complete photodegradation of polymers, after crosslinking they I .2-dipienylcctrauiicthiyldi.silanc with two equivalcnts of trifticcan be converted into ceramics. Therefore polysilancs find acid, the disilane is quantitatively converted into 1.2-
potential applications as excellent sclf-dcvelol)ing higl: contrast bis(trifluoronictlhunesulfonyloxy)tctramcthyldisilanc:
photoresists, as preceramic materials, as photoconductors. or kiinitiators of radical polymerization. CF 3SO2OiI + Ph-SiMe2.SiMe2-Ph.--CF3SO20-SiMc2-SiMc2-Ph + Phil

Polysilancs arc typically prepared from disubstituted
dichlorosilancs by rcductive coupling with sodium in boiling k2toluene. The product of this reaction has polymodal molecular CF3SO201I + CF3SO2OSiMc2SiMc2.Ph.l-CFSOzOSiMc2SiMc2-OSO2C3
weight distribution 3.4. Cyclics (mostly cyclopcnta- and +PhH
cyclohcxasilancs). low molecular weight polymer (ln-5,000). and
high molecular weight polymer (Mn>lOO00) are formed. Several
properties of polysilanes depend on the degree of polymerization The rate constant of the second displacement reaction is 8 times
(i.e. on the conjugation length) 1.5. Therefore it is important to smaller than the first one. The presence of the electron
study the properties of well defined polysilancs. We were able to withdrawing substitucnt at the adjacent Si atom decreases theprepare monomodal high molecular weight rate of dcarylation which proceeds via protonation at the iliso C-
I)Oly(l)lcnylI mcthylsilylcncs) with low polydislpcrsitCS atom in the aromatic ring. The electronic effccts are tratsutittcd
(Rw/n<I.2) using sonochcmical reductive coupling at ambient very well in polysilancs due to the dclocalization of the electrons
temperatures 6. Severe conditions of the reductive coupling with In the main chain t 2 .

sodium allow only alkyl and aryl substitucnts at silicon atom. Triflatcd silanes and disilanes react rapidly with different
There is a need for polysilancs with different substitucnts to vary nucleophilic reagents such as alcohols, amines, organomctallics.
electronic, spectroscopic, and also mechanical and physical ctc:
properties of these polymers. We described methods of the CF3SO20-SiMc2-SiMc2-OSO2CF3 + 2R011 + 2: -0 RO-SiMc2-SiMc2-OR
displacement of aryl groups from polysilancs7 . Aryl groups could + 2li+ . OS0 2 CF3 -
be displaced from polysilancs by strong protonic acids such as R- C113-, C2115-, (C13)3C-, CII2-Ci-CH2. CF3CII2-.
trifluoromcthanesulfonic acid. The resulting triflatcd polysilancs
arc very reactive and can react not only with different The action of the triflic acid on polysilancs containingnucleophilcs but also can be used as active centers for the aryl groups can either lead to the cleavage of the Si-Aryl linkageinitiation of new polymer chains leading to graft (comb like) or the Si-Si bond. The latter bond is cleaved easily in strainedpolymers. There has been a report on the initiation of the polysilancs but no Si-Si bonds are cleaved in the model disilanccationic polymerization of different monomers with for which selectivity of dcarylation was higher than 99%. The
trimcthylsilyl triflate8 . We have found that the initiation process reaction with high molecular weight polysilancs was lessfor heterocyclic monomers is very slow when model silyl esters selective and we found that in addition to dcphcnylation (95%)
were used because the charge Is mostly located on the cxocyclic also polymer degradation occurred (5%). it seems that the high
silyl group. Reactivity of triflated polysilancs is higher due to the molecular weight polymers have a higher tendency for

degradation than the low polymers for which higher sclectivitiespresence of O-Si-Si bonds and graft copolymers were prepared were found. It may have the origin in an increase of theemploying cationic polymerization and group transfer conjugation length with molecular wciglht 5 . For a number of
polymerization. possible applications a small modification (about 5%) is
Experimental sufficient. At that stage dearylation is practically the cxclusive

reaction.
Poly(phenylmcthylsilylene) was synthcsiscd from

phenylmethyldichlorosilane and sodium dispersion prepared Initiation with Silvl Triflatcsdirectly using an immersion-type ultrasonic probe (W-140, Heat Polymerization of different vinyl monomers and
Systems-Ultrasonics, Inc.) 6. A toluene solution of dichlorosilane I heterocyclics has been reported to be initiated by trimcthylsilyl
was added to the reaction flask in a controlled manner under triflatc8 . We have done some detailed studies of the initiation of I
inert gas. The reaction was quenched after the required time by THF polymerization in different solvents and under conditions at
using equimolar mixtures of water and ethanol. The organic which no propagation was possible. The equilibrium of the
phase was later added to a large excess of isopropanol leading to silylation reaction was shifted towards the substrates in media of
the precipitation of the polymer. The polymer was dried and the low and medium polarity. This indicates that the charge if' theyield determined gravimetrically. Molecular weights and hypothetical trimcthylsilyltctrahydrofuraniun cation is mostly
polydispersities were determined by gpc using polystyrene located on the silyl moiety which is then attacked by the trillatc
standards. The compositions of the polymers were measured by anion forming back itfe silyl triflate:
NMR. The dcarylation experiments were carried out in argon
atmosphere or by using high vacuum line technique. Cationic CF 3S020Si(Cil3)3 + _C3SO20 .(CI13)3Si
polymerization and grafting have been performed using vacuum
line. Group transfer polymerization and grafting of poly(methyl
methacrylate) onto polysilane have been carried out under inert
gas with dry reagents according to the literature procedures9.



Thc approximate calculations by MNDO mcthods show that in the I trap triflic acid which is formed under these conditions. We
trinsethylsilyltetrahydrofuranium cation thc positive charge is Iprepared initiators in situ from trimethylsityl triflate (or aryl
located mostly on silicon atom (81.7%). contrary to the Wiianes and equimolar amounts of triflic acid). methyl
methyltctrahydrofuranium cation in which there is only small propionate, and tricthyl amine. Tris(dinictliylarniro
excess of thia positive charge on thia cxocycllc a-C atom In m ulfonliusn)bifluorldt was used an catalyst. Polyincra will liigher
comparison with thea endocyclic C atoms. The charge on the than tlhcorctical molccular weights were formed under thesec
endocyclic ca-C atoms Increases from 15.3% for uncharged THF. to conditions. This can have the origin In lower activity of ailyl

kctene actals based on propionate rather than isributyratc esters
15.7% for trimethylsilylated ring and to 18.5% for methylated Iwhich have higher "0/C" silylation ratios. Similar reaction was
ritng. Tltis is in good agreement with lt a th f NMR chtemical shifts applied for puly(phicnylnctsyl silylenec) (Mn -3.001) a-1 the
or a- metlsylcnc protons (3.63, 3.77, and 4.92 ppm rcapcctivcly)In I ilylating reagenit. In this case poly(mctlsyl nictliacrylatcl-g-
C0 3 N0 2 solvent, Polymerization of THIF in polar solvents proceeds poly(pltenyltnetltylsilylettc) was forntcd. Thic graft copolymer

predminatly ia inic ctiv speicsl. Iwas degraded by UV light from A-n=2.0U0 to Kin=47.000 in 24 firs.
pdoiTly vxeiminicl acstiv sc e laste ppo.mt No further degradation was obscrvcd at longcr irradiation time.

calculations sllow that initiation in thtis systetm nmust be slow Thre 1l' raihi e olysilancjlI nrto letrdain iteres txtette frtom
because of tlie weakly charstcd x-crndocycllc C atoms. fl 1oyialj/1A ai.Dgaainidcista lc

Polymerization of TH-F by tfrmethylsilyl triflate leads to polysilane chain contaitts 2.7 pMMA grafts whtcht suiggests owit
polymers with higher molecular weights thtan prcdicted from the not all triflated sites were active.
ratio of the reacted monomer to trimcthylsilyl triflate and is Pcly(methyl mcthacrylatc) prepared in this experimcnt as

accopaned y inucton erids. lthughthefirs siylaion well as polymers formed in model reacttons with %ilanes having
accmpaie byinuctonperod. Athoghthefist illaton bulky substitutuets such as phecnyldinittlyl and d Ipitetty lnictillyI

reaction could be quite rapid (only one NMR signal of free and have predominantly syndintactic structure idctical to polymiers
silylated TIIF). tltc initiation process is slow due to low retactivtty prepared In tlte cotnventional grtoup transfer piuioCcs. This~ rcs.ut
of the a-endocyclic C atoms in trimcthylailyltetrahydrofuranium favors two-step dissociative ntechattism of (ill' because steric
i on: hindrances front bulky silyl groups should increase proportion

fast . -,of isotactic triads in thle htypothetical associative contcrted
CF3S020-Si(CI13)3 + (a -.e- C3S0e. (CI13)3StA -00 process.
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I (CH 3 )3Si- 10 34 15.7 3.77
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